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How institutional stakeholders perceive the supply and demand of ecosystem services
(ES) under distinct contexts determines which planning actions are deemed priority or
not. Public officers play a crucial role in social-ecological management and decision-
making processes, but there is a paucity of research exploring their perceptions on
ES supply and demand under a changing climate. We address this gap through an
exploratory study that analyses the views of public officers on the potential impacts
of climate-change related drivers on multiple ES in a major administrative region from
Portugal (EU NUTS 3). We combined qualitative spatial data from participatory maps and
semi-quantitative answers from questionnaire-based surveys with 22 officers from public
institutions contributing to territorial planning. Contrary to other similar studies, public
officers shared a common view on the importance of ES. This view aligns with scientific
projections on how a changing climate is expected to influence ES in the region over the
next decade. In agreement with other observations in Mediterranean regions, the most
perceivably valued ES concerned tangible socio-economic benefits (e.g., periurban
agriculture and wine production). Surprisingly, despite the region’s potential for cultural
ES, and considering the impacts that climate change may hold on them, recreation and
tourism did not seem to be embedded in the officers’ views. We explore the implications
of our findings for territorial planning and social-ecological adaptation, considering that
the way stakeholders manage the territory in response to climate change depends on
the extent to which they are aware and expect to experience climatic consequences in
the future.
Keywords: climate change adaptation, landscape planning, participatory mapping, questionnaires, social-
ecological systems, stakeholder perceptions
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INTRODUCTION
There is an unprecedented concern on ecosystem degradation
and biodiversity decline in political agendas worldwide (IPBES,
2019). Over the last decade, the supply of ecosystem services (ES)
has been severely affected, with climate change ranking amongst
the most challenging drivers globally (Mooney et al., 2009;
IPBES, 2019). Climate change is expected to amplify extreme
weather (e.g., heatwaves, droughts) and related biophysical
phenomena (wildfires, pest spread, biological invasions) that
may compromise ecological functioning and ES supply (Malhi
et al., 2020). Nevertheless, ES can also contribute to climate
adaptation and mitigation, particularly when managed to reduce
local communities’ exposure to climatic effects (Munang et al.,
2013; Malhi et al., 2020).
A vast majority of worldwide climate adaptation and
mitigation plans implemented at relevant administrative spatial
units have been led by national and local governmental
institutions (Reckien et al., 2018; Alves et al., 2020). As
these entities play a paramount role in decision-making
processes affecting environmental planning and ES, it is
critical to understand the drivers and consequences of different
management options (Felipe-Lucia et al., 2015). Increasing
evidence has revealed that individual preferences and perceptions
of managers and decision-makers affect how they assess the
spatial distribution of ES supply and demand (García-Nieto et al.,
2015; Zoderer et al., 2019). Nevertheless, there is a paucity of
research addressing stakeholders’ perception of the supply and
demand of multiple ES (Zoderer et al., 2019) in a changing
climate, particularly concerning public officers responsible for
landscape planning and decision-making.
Knowledge of the local context by public and institutional
officers can be advantageous to inform management decisions
toward sustainability (Caniglia et al., 2021; Kuslits et al., 2021).
Likewise, differences among the knowledge and perception levels
of these stakeholders on ES supply and demand can influence
which management actions or scenarios are deemed priority
or not (Wilson, 2006; Jones et al., 2017; Capela Lourenço
et al., 2019). While natural science researchers tend to perceive
the biophysical and functional aspects of ecosystems as more
prominent in ES assessments, public entities are particularly
concerned with other socio-economic issues on the governance
system, such as employment or education (Hummel et al., 2017).
Participatory mapping has become a popular tool to
identify different aspects of ES, eliciting spatial data from
different participants to support the identification of e.g.,
ES hotspots and the areas where ES may be most at
risk (Crossman et al., 2013; López-Santiago et al., 2014;
García-Nieto et al., 2015; García-Llorente et al., 2018; Kuslits
et al., 2021). When qualitative spatial data from participatory
mapping is combined with alternative methodologies based
on socio-ecological analysis, such as deliberative discussions
and questionnaire-based surveys, they can constitute a robust
approach for capacity building and facilitate consensus around
options for environmental planning and management (Sieber,
2006; Fagerholm and Palomo, 2017; García-Ayllón, 2019;
Rice et al., 2020).
Here, we combine individual questionnaires, participatory
maps and deliberative discussions, to assess the views of relevant
public officers on the potential impacts of future climate on
the supply and demand of multiple ES. Specifically, we aimed
to answer the following research questions: (1) What are
the key supplied and demanded ES for those public officers?
(2) How do public officers expect future climate to affect
those ES? and (3) Where are ES currently most supplied
and potentially affected by climate change-related drivers?
Our research was conducted in an Intermunicipal Community
(CIM) administrative unit, equivalent to EU NUTS 3 units
(European Union, 2020), in northern Portugal. The CIM unit
is highly important for territorial and environmental planning
in Europe, aggregating multiple municipalities (equivalent to EU
Local Administrative Units) into a supra-municipal entity, with
competences enforced by national legislation. The CIM plays a
critical role in coordinating spatial planning, nature conservation
and environmental management at the regional scale, as well as
in promoting the local implementation of the national political
agenda for climate (Sousa, 2019).
MATERIALS AND METHODS
Study Region
The study region was the Intermunicipal Community of
Tâmega and Sousa (CIM-TS), located in northern Portugal
(PT11C NUTS 3; Figure 1). It spreads over an area of
1,831 km2, with a population of approximately 433 000
inhabitants from 11 municipalities. Municipalities in the CIM-
TS are characterized by distinct socio-economic, educational
and accessibility levels, including urbanized municipalities with
a strong industrial production (e.g., clothing and footwear),
and periurban municipalities mostly devoted to the production
of perennial crops (e.g., cherry and vineyards). The region is
heterogeneous in terms of topography, with a mean elevation of
ca. 500 m (a.s.l.) that ranges from less than 300 m, in westernmost
areas, to 1,415 m, in the eastern mountains.
The CIM-TS exhibits a variety of natural values, with three
main protected areas under the European Natura 2000 Network
regime: Alvão/Marão (PTCON003), Montemuro (PTCON0025)
and Rio Paiva (PTCON0059), as well as a diversity of
historical, cultural, and artistic values, with recreational and
touristic potential. The predominant climate is Temperate
Mediterranean, with a strong maritime influence, windy and
foggy summers, persistent heatwaves, and occasional hailstorms
and thunderstorms in Winter and Spring. Future climate
projections in the region indicate an increasing frequency of
heatwaves and a general decrease of precipitation levels, with
more frequent episodes of severe droughts and wildfires (Costa
et al., 2017), favoring the expansion of pests and invasive alien
species (Vicente et al., 2016).
Participatory Approach
We organized two workshops with 22 public officers with
decision-making responsibility at the operational, tactical, and
strategic level in the CIM-TS and respective municipalities
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FIGURE 1 | Geographical location of the study region, the Inter-municipal Community of Tâmega and Sousa (PT11C NUTS 3 region), at the European (A),
Portuguese (B) and sub-national (C) contexts. The figure also shows the prevailing land cover/use classes, as well as the limits of the protected areas in the study
region: “Alvão/Marão”, “Montemuro”, and “Rio Paiva” (Natura 2000 Network). Spatial data obtained from the Portuguese Geographic Information System (available
at: https://snig.dgterritorio.gov.pt).
(see Supplementary Figure 1 for the photographic record).
Before the start of any activity, the participants provided written
informed consent to participate in this study and to use their
responses for research purposes. Confidentiality was maintained
in data analysis and result presentation to respect participants’
privacy. The workshops comprised three main moments. The
first moment consisted of a brief presentation by the research
team, aiming to introduce the objectives of the workshop and
relevant concepts concerning ES and climate change.
In a second moment, a questionnaire-based survey was
conducted to first identify the most important ES (our research
question 1) and the level to which those ES are expected to
be affected by a changing climate (research question 2). To do
so, each participant was asked to fill in a paper questionnaire,
individually (the full questionnaire is shown in Supplementary
Material 1). The questionnaire included three parts. The first part
comprised questions concerning socioeconomic and professional
information of each participant. In the second part, each
participant could score a list of ES, considering: (1) the capacity
level of the territory to supply each ES; and (2) the level of
demand for each ES in the study region as whole. A semi-
quantitative scale from 0 (no relevant supply/demand) to 5
(highest supply/demand) was used. A predefined list of 17
ES (5 provisioning, 7 regulating, and 5 cultural services) was
considered, together with a short description (following MEA
(ed.), 2005; Table 1). In the third part of the questionnaire, the
participants were asked to score the level of (negative) impact
on each ES, considering eight potential climate change-related
drivers of ES change, ranging from the occurrence of heat/cold
waves to the prevalence of wildfires and invasive species. A semi-
quantitative scale of 0 (minimum impact) to 5 (maximum
impact) was used to evaluate the relative level of currently
perceived and expected (in 10-years trends) impact of the eight
climate-change related drivers on each of the 17 ES types. The list
and definition of each ES and climate change-related drivers of
ES change provided to the participants are shown in Table 1.
The last moment of the workshops consisted of an individual
participatory mapping exercise to understand where ES are
most supplied and affected by climate change-related drivers,
considering the whole study region (our research question 3). The
participants were invited to engage in a participatory mapping
exercise and were asked to identify the locations where they
perceive the highest supply of ES, as well as the highest negative
impact of climate change-related drivers on ES. The identification
of locations was carried out by each participant individually using
two printed A3 page size maps, i.e., one for the location of ES
and another one for the location of climate-related drivers of
ES change. Maps provided to the participants included basic
topographic and land cover information as well as common
locations, roads and river names. The identification of locations
by each participant was done using 1 cm round markers that
respondents stuck to the map. Participants were instructed to
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TABLE 1 | Predefined list of ecosystem services (ES) and climate change-related drivers of ES change considered to evaluate the views of public officers on the supply
and demand of multiple ecosystem services and the expected climatic impacts during the workshops.
Provisioning services
Agricultural food Cultivated plants for human nutrition
Reared animals for food Reared animals for human nutrition, including apiculture, dairy, meat
Wild food Use of wild species (animals and plants) for human nutrition, including mushrooms and berries
Timber, wood, fibers Cultivated plants for material production, including paper, fibers, and resin
Water production Water production for both consumption and irrigation
Regulating services
Habitat maintenance Habitat regulation and maintenance, including genetic diversity protection, seed dispersal and pollination
Pest and disease control Conditions for pest and disease control
Soil erosion protection Ecological conditions that reduce the risk of erosion and increase soil protection
Fire prevention Ecological conditions that reduce the risk of wildfires and increase fire protection
Water cycle regulation Water regulation, including its purification and quality conservation
Carbon sequestration Reduction of global greenhouse gas effects, and regulation of local temperature and humidity
Air quality regulation Local air quality regulation, including ventilation and pollution reduction
Cultural services
Recreational activities Characteristics that allow outdoors physical interactions with nature
Research and education Characteristics that allow intellectual interactions with nature, through the production of knowledge
Scenic beauty Characteristics that allow esthetical representations of nature
Spiritual experiences Characteristics that enable spiritual experiences, including religious or symbolic values, and cultural heritage
Sense of belonging Characteristics that promote place attachment, identity and dependence
Climate change-related drivers of ES change
Heatwaves Prevalence of abnormally high temperatures for long time periods
Cold waves Prevalence of abnormally low temperatures for long time periods
Droughts Period of abnormal persistence of dry weather
Floods Abnormal increase of water volume and speed, usually from abundant precipitation in a short time period
Soil erosion Superficial removal of soils, usually caused by rain, wind, water bodies or temperature. Includes
desertification in the case of humidity deficit
Wildfires Increase in the number, frequency, and magnitude of uncontrolled wildfires
Pests and diseases Uncontrolled expansion and occurrence of diseases and pests (on humans, animals, forest, agriculture)
Alien invasive species Introduction and dispersal of alien species with uncontrolled expansion (by humans)
write different alphabetic letters (from A to Q) in the dots
to identify the location of individual ES. Similarly, they were
instructed to write different numbers (from 1 to 8) to identify
the dots pertaining to the location of individual climate change-
related drivers of ES change. For pragmatic reasons, we set a limit
of 40 dots per participant, i.e., 20 dots for each map. In each dot
the participants could identify several letters (ES) and numbers
(climate-change related drivers) as needed.
Data Analysis
Considering our small sample size and the absence of a normal
distribution in our data, our analysis adopted non-parametric
tests and descriptive statistics. The results from the individual
questionnaires focused on the perceived supply and demand
of ES were analyzed by computing the median values of
the participants scores and respective interquartile intervals
(IQR), being illustrated through box-plots. Statistically significant
differences in the score values between the supply and the
demand of each individual ES were analyzed using the Wilcoxon
test (for dependent samples). Significant differences in the score
values of ES supply and of ES demand among municipalities were
tested using the Kruskal-Wallis test (for independent groups).
The results from the individual questionnaires focused on
the perceived impacts of climate change-related drivers on ES
were analyzed following do Rosário et al. (2019). Specifically,
we computed the median values of the participants scores for
each combination of individual ES and climate change-related
drivers. A standardized median score value of 0, < 1, 1–2, or > 2,
respectively, represents an absent, low, medium, or high impact
of a given climate change-related driver on a particular ES. We
further compared the standardized median scores between the
perceived current and future impacts of climate change-related
drivers on ES changes. Differences between these values resulting
in 0 represent a stable trend, i.e., no expected changes in the
magnitude of ES impacts between current and future climate
change-related drivers. In contrast, a negative difference between
standardized median scores indicates a decreasing trend, i.e., less
impacts of future climate change-related drivers on ES changes
compared to the present time of assessment. A positive difference
in standardized median scores suggests an increasing trend, i.e.,
higher impacts of future climate change-related drivers on ES
changes compared to the present time.
The results of the participatory mapping exercise were used
to obtain qualitative spatial data on ES supply and on climate
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change-related drivers of ES change in the whole study area.
Following the specifications from Burkhard and Maes (2017),
we digitized each individual map, using ArcMap 10.1 (ESRI,
2012). For each map we specifically annotated the spatial location
of each ES and climate change-related drivers based on the
letters and numbers assigned to each dot on the maps (see
section “Participatory Approach”). We then combined each set
of digitized locations and applied a Kernel Density function
(based on point features) to identify the most prominent
locations (“hotspots”) for ES supply as well as the locations
most affected by climate change-related drivers (Fagerholm and
Palomo, 2017; Sussman et al., 2019). The Kernel function was
applied considering a minimum mapping unit (m.m.u.) of 250 m
and a smoothing option (search radius) of 1 km, using the Spatial
Analyst Toolbox in ArcMap 10.1 (ESRI, 2012). This procedure
was applied to illustrate the perceived location of the total set
of ES climate change-related drivers in the whole study area. It
was also adopted to illustrate the perceived location of each set of
provisioning, regulating and cultural ES, separately.
RESULTS
From the group of 22 participants, 12 were females and 10
were males. Most participants were between 25 and 44 years
old (59%), with the remaining holding 45–64 years old.
All participants had a university-level education (graduation
or master), and their main working areas were territorial
planning, environment, agriculture and forestry, or tourism (see
Supplementary Table 1 for details).
Perceived Supply and Demand for
Ecosystem Services
Among the provisioning services, agricultural food (4 ± 1 IQR)
and water provision (4 ± 1 IQR) were considered as the most
supplied and demanded ES in the study region. For the regulating
services, fire prevention and water regulation were identified as
the most supplied (both, 3 ± 2 IQR) and demanded (both, 5 ± 1
IQR). Regarding cultural services, scenic beauty was scored as the
most supplied (3.5 ± 2 IQR), whereas research and education as
the most demanded (4 ± 2 IQR).
The Wilcoxon test revealed significant differences between
the supply and demand scores for most ES (p < 0.05), with ES
demand being higher than ES supply (Figure 2). Exceptions were
found for the provisioning services of agricultural food, timber,
wood and fibers and water provision, as well as for the cultural
service of scenic beauty, for which no differences were found
(Table 2). The Kruskal-Wallis test did not result in significant
differences (p > 0.05) in the score values between municipalities,
except for the supply of the cultural service sense of belonging
which hold a significant result (test statistic = 18.22; p = 0.033;
Table 2).
Perceived Impacts of Recent and Future
Climate on Ecosystem Services
There was a general tendency for medium to high impacts
of different climate change drivers on most ES, with special
emphasis on wildfires (Figure 3). Heatwaves and drought
episodes appeared to be particularly relevant for the supply of
provisioning and regulating services. Pests and diseases emerged
as mostly affecting provisioning services, whereas soil erosion
(and desertification) and heatwaves were seen as particularly
problematic for regulating services.
Climatic impacts were perceivably expected to stabilize or to
increase over the next decade. Cold waves were an exception,
as they were expected to have a relatively low and decreasing
impact on wildfire protection. Similarly, despite a perceived high
impact of heatwaves on recreation activities, a decreasing future
trend of their impact on this cultural service was expected by the
participants (Figure 3).
Mapping Ecosystem Services’ Supply
and Impacts of Climate Change-Related
Drivers
The spatial distribution of the locations perceived as most
relevant for the supply of ES were, in general, distributed over
a NW-SE gradient (Figure 4), being particularly dense at more
densely urbanized areas (i.e., northwesternmost municipalities)
as well as at agricultural lands and mountain areas within
the Natura 2000 network (southernmost municipalities). From
the mapping exercise, we observed a high density of areas
supplying provisioning services, particularly at places of vineyard
cultivation (cf. central municipalities). The supply of regulating
and cultural services also showed a higher expression at urban
spaces and protected mountain areas.
In general, areas most prone to the impacts of climate change-
related drivers overlapped with the supply of ES (Figure 4).
Wildfires, heatwaves, and pests and diseases were the most
spatially represented drivers, while drought episodes and cold
waves were the least represented (see also Supplementary
Figures 2, 3). During the mapping exercise, participants
highlighted the prevalence of pests (and plagues) at locations of
vineyard and orchard production. A prominent concern of flood
episodes in the vicinity of water lines and urbanized areas was
also emphasized. The incidence of heatwaves, drought episodes
and invasive species was indicated as most affecting urban areas
and sites of forest production.
DISCUSSION
Perceived Importance of Ecosystem
Services
The well-being of present and future generations depends on
the sustainable management of ecosystems and their services,
which in turn is shaped by the views of actors responsible
for decision-making and management implementation (Reed,
2008; Reed et al., 2009; Bennett et al., 2016). The public officers
who participated in this study seemed to share a common
perception of the importance of ES, which somehow highlights
some contradictions with other studies at local and regional
scales, showing opposing views and perceptions of different
decision-makers and managers (García-Nieto et al., 2015;
Frontiers in Ecology and Evolution | www.frontiersin.org 5 September 2021 | Volume 9 | Article 710293
fevo-09-710293 September 7, 2021 Time: 13:33 # 6
Vaz et al. Perceptions of Public Officers
FIGURE 2 | Box plots with the scoring values for the supply (at the top) and demand (at the bottom) of ecosystem services (n = 22), as ranked by the public officers
during the questionnaire-based survey. Boxes depict the median and interquartile range (IQR: 1–3rd quartile), and whiskers represent the minimum and maximum
score values.
Garau et al., 2020). Nevertheless, our target population was
rather homogeneous regarding their level of decision and socio-
cultural profile, i.e., they were all governmental representatives
with similar educational backgrounds, possibly hampering any
significant divergence among stakeholders. The only service
potentially diverging among the officers’ views was the sense of
belonging, a cultural service difficult to measure and value, as it
is shaped by a multitude of psychological factors that depend on
the individual dimension and are, therefore, hardly captured at
the societal level (Wartmann and Purves, 2018).
Our exploratory research suggests that provisioning services
ranked amongst the most relevant services for the public officers
of the administrative unit (cf. Figure 2). Other studies also
showed higher scores attributed to provisioning services by
diverse types of stakeholders at the expense of regulating and
cultural services (Pereira et al., 2005; Oteros-Rozas et al., 2014; do
Rosário et al., 2019), since the material socio-economic benefits
generated by these services tend to be more easily recognized
than regulating services (Hummel et al., 2017). Amongst the
provisioning services, agricultural food and water provision
were indicated as the most supplied and demanded ES in the
territory by the public officers. This observation agrees with
other participatory studies in the Mediterranean region, where
socio-economy is typically supported by traditional agricultural
practices (Pereira et al., 2005; García-Nieto et al., 2015). The
socio-economy of the study region is largely marked by cherry
exportation and by the cultivation of traditional vineyards that
underlie the Green Wine production in the periurban and
rural space. In fact, from the participatory mapping, we could
verify that the perceived distribution of provision services largely
overlapped vineyards’ location and that of other agricultural
lands (cf. Figure 4).
Among the regulating services, wildfire prevention and water
quality maintenance were highlighted as the most supplied
and demanded services in the region. Over recent years, and
particularly in 2017, Portugal (and the wider Mediterranean
Europe) has been dealing with severe wildfire episodes, with
major socio-economic consequences (Viegas, 2018). Such events
have raised both social awareness and political concerns on
promoting ecosystem recovery and more resilient landscapes
to wildfires. Indeed, when referring to the social demand of
ES, regulating services largely surpass the scores attributed
to provisioning services (cf. Figure 2). Moreover, regulating
services appear to show a higher relevance in mountain areas
(cf. Figure 4). These trends may well reflect a growing social
recognition of the need to cope with environmental change (e.g.,
climate and land-use change), particularly in the most sensible
and vulnerable mountainous landscapes (Schröter et al., 2019).
The scenic beauty was indicated as the most supplied cultural
service. However, research and education ranked amongst the
most demanded, which is consistent with other studies suggesting
that these services tend to be well recognized by environmental
managers (García-Nieto et al., 2015). Yet, previous reviews on
the valuation of cultural services suggest a general preference bias
for tangible and easily quantifiable benefits on ecotourism and
recreation (Hernández-Morcillo et al., 2013; Milcu et al., 2013;
Blicharska et al., 2017). Of notice, recreation and ecotourism
benefits did not rank amongst the most perceivably valued
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TABLE 2 | Wilcoxon test results (Z-values) for significant differences between the score values for supply and demand of individual ecosystem services in the study
region. Kruskal-Wallis test results (H) for significant differences in the score values of ES supply and ES demand among municipalities.
Supply versus demand Supply across municipalities Demand across municipalities
Ecosystem service Z-values p-values H-values p-values H-values p-values
Provisioning services
Agricultural food −1.93 0.05 8.24 0.31 12.11 0.10
Reared animals (food) −2.92 0.00* 6.37 0.50 11.24 0.13
Wild food −3.44 0.00* 8.21 0.32 8.83 0.27
Timber, wood and fibers −1.52 0.13 9.37 0.10 7.52 0.38
Water provision −1.83 0.07 15.02 0.04 11.40 0.12
Regulating services
Habitat maintenance −3.45 0.00* 10.21 0.09 12.79 0.08
Disease control −3.39 0.00* 7.20 0.41 8.73 0.27
Soil erosion protection −3.52 0.00* 8.63 0.28 5.80 0.56
Fire prevention −3.52 0.00* 3.28 0.86 7.26 0.40
Water regulation −3.23 0.00* 10.44 0.17 11.09 0.14
Carbon sequestration −3.55 0.00* 10.52 0.11 13.77 0.06
Air quality maintenance −2.62 0.01* 11.22 0.13 11.40 0.12
Cultural services
Recreation −3.76 0.00* 9.09 0.25 9.63 0.21
Research and education −3.86 0.00* 10.51 0.16 12.93 0.07
Scenic beauty −1.78 0.08 9.81 0.20 11.25 0.13
Spiritual experiences −2.13 0.03* 10.54 0.16 11.17 0.13
Sense of belonging −3.58 0.00* 15.02 0.036* 11.22 0.13
An asterisk indicates significant differences, considering a p-value of 0.05.
cultural services (cf. Figure 2), despite the region’s esthetic
natural landscapes (e.g., within the Natura 2000 protected
areas) and historic cultural elements (e.g., the Romanesque
route), as well as the recent national policies for promoting
tourism in the country. This observation somehow differs from
the results often obtained for protected areas, where cultural
services tend to play a major role compared to provisioning
or regulating services (e.g. Lopes and Videira, 2016; Ament
et al., 2017). These results may suggest the need for better
knowledge about the region’s natural and cultural assets,
particularly in urban and mountainous areas (cf. Figure 4),
which agrees with other European studies (Harrison et al., 2010;
Oteros-Rozas et al., 2014).
Perceived Climatic Impacts on
Ecosystem Services
Despite a consensus among the research community on the
consequences of climate change, how stakeholders view the
existence and extension of climatic impacts is a topic of great
importance for strategic territorial decisions (Weber, 2010;
Capela Lourenço et al., 2019). In the study area and the wider
Mediterranean region, climate change has been associated with
increasing temperature extremes (Fonseca and Santos, 2018),
more frequent droughts (Costa et al., 2012), expansion of pests
and invasive species (Vicente et al., 2016), and increased wildfire
activity (Dupuy et al., 2020), which are indeed expected to
be intensified in the upcoming decade(s). From our results,
the targeted public officers seem to share a common negative
view together with the scientific community on the potential
escalating impacts of climate change (cf. Figure 3). This trend
is in line with Hummel et al. (2017), who already suggested
that despite existing ambiguities in the views of scientists and
decision-makers, climate change is seen as a common threat to
ES in European protected landscapes. However, in this specific
administrative region, those climatic threats were perceived
by public officers as already existing and increasing in the
next decade, thus hinting at a possible contradiction with the
common idea that decision-makers may see climate change
projections as of low probability or at a distant future occurrence
(Capela Lourenço et al., 2019).
From the different set of climatic factors, stakeholders
highlighted wildfire intensification as the most expected to drive
ES supply. As previously emphasized, the rising magnitude
and impacts of wildfire episodes in the Mediterranean region
(Viegas, 2018; Dupuy et al., 2020) inevitably put them as a
socio-economic priority. Despite the undeniable (natural) role
of wildfire on shaping Mediterranean landscapes (Keeley et al.,
2012; Pausas and Keeley, 2019), its extreme behavior in response
to climate has brought severe consequences for the regulation
and maintenance of ecosystem functions and respective natural
resources (Sil et al., 2019), coupled with catastrophic socio-
economic impacts (Tedim et al., 2013; Viegas, 2018). Alongside
with wildfires, drought episodes and heatwaves appear to be
particularly relevant for the supply of the most recognized ES,
i.e., provisioning and regulating services. This pattern agrees
with the results obtained by Cabral et al. (2021), who evaluated
stakeholders’ ES perception from a participatory methodology
for continental Portugal based on land cover, and found drought
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FIGURE 3 | Recent and future impacts of climate change-related drivers on changes in the supply of ecosystem services at the Intermunicipal Community, as
indicated by the public officers during the questionnaire-based survey.
regulation and associations to extreme fire as regulating ES
of highest concern. Heatwaves, drought episodes, and wildfires
are expected to act synergically (compound events), with the
occurrence of one exacerbating the occurrence of another
(Parente et al., 2019). Nevertheless, it is perhaps interesting to
notice that the spatial representation of drought episodes during
the mapping exercise was less prevalent and more scattered
than for wildfires and heatwaves. Following Owen et al. (2012),
extreme weather and climate episodes, and their effects, are
likely to be more recognized by individuals who have directly
experienced them. This may possibly be the case in the present
study region, in which the social memory of public officers on
the effects of heatwaves and wildfires may be more prominent
than droughts, and that a direct link between droughts and
wildfire occurrence might not be obvious. In any case, the
information obtained in this study, and the lack of wider studies
on the issue, leave us to pure speculations on why droughts
were apparently less prevalent in the mapping exercise than
wildfires and heatwaves.
Besides the aforementioned factors, pests, diseases, and
desertification were also prominent and particularly incident over
the provisioning services of agriculture and water production.
This pattern converges with local-scale observations and future
projections for the administrative unit (Fonseca and Santos,
2019), which place pests and diseases as factors benefiting from
a changing climate, with serious socioeconomic implications for
the maintenance of vineyards and wine production in the study
region (Fraga et al., 2017). By contrast, public officers seemed
to expect weaker impacts from any climatic factor on recreation
and tourism. Strategic measures being currently considered in the
region at fine scales (e.g., development of shelter infra-structures)
may mitigate the impacts of extreme weather and climate events
in tourist flows in the region, following Hall et al. (2016). Still,
caution should be granted since visions shared by public officers
in our study suggest a negative future impact on other cultural
dimensions of the region, with putative changes in landscape
esthetics, knowledge, spiritual values, and cultural identity.
Considerations for Territorial Planning
and Management
The way people manage the territory in response to climate
change depends on the extent to which they are aware and
expect to experience the impacts of climate change-related
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FIGURE 4 | Distribution of the areas of supply of provisioning, regulating and cultural ecosystem services as mapped by the public officers (at the top). The figure
also shows the areas of supply of all ecosystem services alongside the perceived distribution of future climate impacts (at the bottom).
events (Marshall et al., 2019). As examples, leading international
organizations, such as the Intergovernmental Panel on Climate
Change (IPCC) and the Intergovernmental Platform for
Biodiversity and Ecosystem Services (IPBES), have emphasized
the need to integrate local knowledge to explore the impacts of
climate change on ES at regional and local levels (Yohe et al.,
2007; Díaz et al., 2015). Therefore, understanding stakeholders’
perceptions is of utmost importance for the implementation
and success of sustainable management, fostering climate change
adaptation and impact mitigation on natural capital and human
well-being (Moser and Ekstrom, 2010; Munang et al., 2013).
Our study suggests that public officers with decision power
already show a common agreement on the importance of
provisioning and regulating ES, being attached to tangible socio-
economic consequences which are easier to recognize, such as
those associated with the wine production. They also appear
to recognize the increasing role of heatwaves, wildfires, pests
and diseases on shaping those ES over the next decade, in
agreement with the climate change predictions provided by the
research community. In this study, the areas of the territory
seen as most relevant for the supply of ES were coincident with
those most expected to be exposed to climatic impacts, thus
reflecting the importance of socio-economic activities, such as
agriculture. Despite the region’s cultural and natural value, the
role of cultural ES, and particularly the impacts (such as wildfires)
that a changing climate may hold on to recreation and tourism,
does not seem to be embedded in public officers’ views.
The observed perceptions may reflect larger efforts of
public institutions in securing agricultural food provision,
water supply, and fire-resilient landscapes, hence emerging
as a priority for the region’s adaptation to climate change.
This agrees with Mascarenhas et al. (2016) and Cabral et al.
(2021), who also found agricultural food, water supply,
and fire/drought-resilient landscapes as priority services
when conducting participatory approaches with multiple
stakeholders in Portugal. In our region, the perceptions
of public officers concerning ES importance and future
impacts of climate change also seem to be strongly linked
to the socio-economic activities currently dominant in
the study region (e.g., agriculture), thus underlining the
importance of local knowledge for ES management. Following
the observations from other studies based on participatory
approaches (Boeraeve et al., 2018; Spyra et al., 2019), our research
facilitated knowledge sharing among officers of neighboring
municipalities and supported the reinforcement of a shared
vision for the intermunicipal region, contributing to include
diverse experiences and perspectives, as well as to increase
awareness on current and future climatic risks on ES. These are
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of utmost importance at the inter-municipal level, where each
municipality that works under particular (socio-economic and
administrative) dynamics needs to place effort on a shared vision
with its neighboring municipalities to develop and implement
successful strategic planning and management actions.
Research Limitations and Prospects
Some limitations concerning our approach should be highlighted.
Even though no significant differences in the perceived supply
and demand of ES were found among municipalities, we cannot
ensure some participants have not biased their responses to the
parts of the study area for which they are more familiar with,
and therefore our analysis can still overlook possible differences
in the actual ES supply and demand due to distinct knowledge
levels of the territory by participants, and diverse biophysical or
socio-economic characteristics among municipalities.
Also, caution must be granted to the implications of our
results, since a common awareness and perception of the impacts
of climate change on ES does not necessarily translate into
effective governmental engagement in the prioritization of this
matter in action-oriented decision-making (Hummel et al.,
2017; Luís et al., 2018). In addition, diversified engagement
from citizens and other relevant private and public entities
should also be accounted (Runting et al., 2017; Brown et al.,
2020). Subsequent research should explore to what extent
the awareness of climate change impacts in ES is effectively
incorporated into regional planning and management, given
their influence in decision-making processes shaping large
portions of the landscape.
Finally, our exploratory study focused on the social dimension
of ES, by addressing the perceptions of public officers. The
assessment of ES benefits, beyond people’s perceptions, should
constitute a future research effort to better comprehend
the role of ES accounts and values on the priorization
of territorial planning (García-Ayllón, 2019; Watson et al.,
2019). Likewise, understanding the multiple dimensions of ES,
including ecosystem functions and the ecological flows of ES
at fine spatial scales should nevertheless be considered for an
integrative management of the territory (e.g., Harrison et al.,
2018; Lautenbach et al., 2019).
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Pedersen, E., et al. (2017). Shades of grey challenge practical application of the
cultural ecosystem services concept. Ecosyst. Serv. 23, 55–70.
Frontiers in Ecology and Evolution | www.frontiersin.org 10 September 2021 | Volume 9 | Article 710293
fevo-09-710293 September 7, 2021 Time: 13:33 # 11
Vaz et al. Perceptions of Public Officers
Boeraeve, F., Dufrêne, M., Vreese, R. De, Jacobs, S., Pipart, N., Turkelboom, F., et al.
(2018). Participatory identification and selection of ecosystem services: building
on field experiences. Ecol. Soc. 23:27. doi: 10.5751/ES-10087-230227
Brown, J. A., Larson, K. L., Lerman, S. B., Childers, D. L., Andrade, R., Bateman,
H. L., et al. (2020). Influences of environmental and social factors on perceived
bio-cultural services and disservices. Front. Ecol. Evol. 8:569730. doi: 10.3389/
fevo.2020.569730
Burkhard, B., and Maes, J. (eds) (2017). Mapping Ecosystem Services. Advanced
books. Sofia: Pensoft Publishers, 374. doi: 10.3897/ab.e12837
Cabral, P., Campos, F. S., David, J., and Caser, U. (2021). Disentangling ecosystem
services perception by stakeholders: an integrative assessment based on land
cover. Ecol. Indic. 126:107660. doi: 10.1016/j.ecolind.2021.107660
Caniglia, G., Luederitz, C., von Wirth, T., Fazey, I., Martín-López, B., Hondrila,
K., et al. (2021). A pluralistic and integrated approach to action-oriented
knowledge for sustainability. Nat. Sustain. 4, 93–100. doi: 10.1038/s41893-020-
00616-z
Capela Lourenço, T., Cruz, M. J., Dzebo, A., Carlsen, H., Dunn, M., Juhász-
Horváth, L., et al. (2019). Are European decision-makers preparing for high-
end climate change? Reg. Environ. Change 19, 629–642. doi: 10.1007/s10113-
018-1362-2
Costa, A. C., Santos, J. A., and Pinto, J. G. (2012). Climate change scenarios
for precipitation extremes in Portugal. Theor. Appl. Climatol. 108, 217–234.
doi: 10.1007/s00704-011-0528-3
Costa, R., Fraga, H., Fernandes, P. M., and Santos, J. A. (2017). Implications
of future bioclimatic shifts on Portuguese forests. Reg. Environ. Change 17,
117–127. doi: 10.1007/s10113-016-0980-9
Crossman, N. D., Burkhard, B., Nedkov, S., Willemen, L., Petz, K., Palomo, I., et al.
(2013). A blueprint for mapping and modelling ecosystem services. Ecosyst.
Serv. 4, 4–14. doi: 10.1016/j.ecoser.2013.02.001
Díaz, S., Demissew, S., Carabias, J., Joly, C., Lonsdale, M., Ash, N., et al. (2015).
The IPBES conceptual framework-connecting nature and people. Curr. Opin.
Environ. Sustain. 14, 1–16. doi: 10.1016/j.cosust.2014.11.002
do Rosário, I. T., Rebelo, R., Caser, U., Vasconcelos, L., and Santos-Reis, M. (2019).
Valuation of ecosystem services by stakeholders operating at different levels:
insights from the Portuguese cultural montado landscape. Reg. Environ. Change
19, 2173–2185. doi: 10.1007/s10113-019-01527-2
Dupuy, J., Fargeon, H., Martin-StPaul, N., Pimont, F., Ruffault, J., Guijarro, M.,
et al. (2020). Climate change impact on future wildfire danger and activity
in southern Europe: a review. Ann. For. Sci. 77:35. doi: 10.1007/s13595-020-
00933-5
ESRI (2012). ArcGIS Release 10.1. Environmental Systems Research Institute.
Redlands, CA: ESRI.
European Union (2020). Statistical regions in the European Union and partner
countries—NUTS and statistical regions 2021. Publications Office of the
European Union; ISBN: 978-92-76-10625-8. https://ec.europa.eu/eurostat/web/
products-manuals-and-guidelines/-/ks-gq-20-092 (accessed August 26, 2021).
Fagerholm, N., and Palomo, I. (2017). “Participatory GIS approaches for mapping
ecosystem services,” in Mapping Ecosystem Services, eds B. Burkhard and J. Maes
(Sofia: Pensoft Publishers), 218–222.
Felipe-Lucia, M. R., Martín-López, B., Lavorel, S., Berraquero-Díaz, L., Escalera-
Reyes, J., and Comín, F. A. (2015). Ecosystem services flows: why stakeholders’
power relationships matter. PLoS One 10:e0132232. doi: 10.1371/journal.pone.
0132232
Fonseca, A. R., and Santos, J. A. (2018). High-resolution temperature datasets
in portugal from a geostatistical approach: variability and extremes. J. Appl.
Meteorol. Climatol. 57, 627–644. doi: 10.1175/JAMC-D-17-0215.1
Fonseca, A. R., and Santos, J. A. (2019). Predicting hydrologic flows under climate
change: the tâmega basin as an analog for the mediterranean region. Sci. Total
Environ. 668, 1013–1024. doi: 10.1016/j.scitotenv.2019.01.435
Fraga, H., García de Cortázar Atauri, I., Malheiro, A. C., Moutinho-Pereira, J.,
and Santos, J. A. (2017). Viticulture in Portugal: a review of recent trends and
climate change projections. OENO One 51:61. doi: 10.20870/oeno-one.2016.0.
0.1621
Garau, E., Vila-Subiros, J., Pueyo-Ros, J., and Ribas Palom, A. (2020). Where do
ecosystem services come from? assessing and mapping stakeholder perceptions
on water ecosystem services in the Muga River Basin (Catalonia, Spain). Land
9:385. doi: 10.3390/land9100385
García-Ayllón, S. (2019). New strategies to improve co-management in enclosed
coastal seas and wetlands subjected to complex environments: socio-economic
analysis applied to an international recovery success case study after an
environmental crisis. Sustainability 11:1039. doi: 10.3390/su11041039
García-Llorente, M., Harrison, P. A., Berry, P., Palomo, I., Gómez-Baggethun,
E., Iniesta-Arandia, I., et al. (2018). What can conservation strategies learn
from the ecosystem services approach? Insights from ecosystem assessments
in two Spanish protected areas. Biodivers. Conserv. 27, 1575–1597. doi: 10.1007/
s10531-016-1152-4
García-Nieto, A. P., Quintas-Soriano, C., García-Llorente, M., Palomo, I., Montes,
C., and Martín-López, B. (2015). Collaborative mapping of ecosystem services:
the role of stakeholders’ profiles. Ecosyst. Serv. 13, 141–152. doi: 10.1016/j.
ecoser.2014.11.006
Hall, C. M., Baird, T., James, M., and Ram, Y. (2016). Climate change and cultural
heritage: conservation and heritage tourism in the Anthropocene. J. Herit. Tour.
11, 10–24. doi: 10.1080/1743873X.2015.1082573
Harrison, P. A., Dunford, R., Barton, D. N., Kelemen, E., Martín-López, B.,
Norton, L., et al. (2018). Selecting methods for ecosystem service assessment:
a decision tree approach. Ecosyst. Serv. 29, 481–498. doi: 10.1016/j.ecoser.2017.
09.016
Harrison, P. A., Vandewalle, M., Sykes, M. T., Berry, P. M., Bugter, R., de Bello,
F., et al. (2010). Identifying and prioritising services in European terrestrial and
freshwater ecosystems. Biodivers. Conserv. 19, 2791–2821. doi: 10.1007/s10531-
010-9789-x
Hernández-Morcillo, M., Plieninger, T., and Bieling, C. (2013). An empirical
review of cultural ecosystem service indicators. Ecol. Indic. 29, 434–444. doi:
10.1016/j.ecolind.2013.01.013
Hummel, C., Provenzale, A., van der Meer, J., Wijnhoven, S., Nolte, A., Poursanidis,
D., et al. (2017). Ecosystem services in European protected areas: ambiguity
in the views of scientists and managers? PLoS One 12:e0187143. doi: 10.1371/
journal.pone.0187143
IPBES (2019). Summary for Policymakers Of The Global Assessment Report On
Biodiversity And Ecosystem Services of The Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services, eds S. Diìaz, J. Settele, E. S.
Brondiìzio, H. T. Ngo, M. GueÌze, J. Agard, et al. (Bonn: IPBES secretariat),
56.
Jones, L., Champalle, C., Chesterman, S., Cramer, L., and Crane, T. A. (2017).
Constraining and enabling factors to using long-term climate information
in decision-making. Clim. Policy 17, 551–572. doi: 10.1080/14693062.2016.
1191008
Keeley, J. E., Bond, W. J., Bradstock, R. A., Pausas, J. G., and Rundel, P. W.
(2012). Fire in Mediterranean Ecosystems: Ecology, Evolution and Management.
Cambridge: Cambridge University Press. doi: 10.1017/CBO9781139033091
Kuslits, B., Vári, Á, Tanács, E., Aszalós, R., Drasovean, A., Buchriegler, R., et al.
(2021). Ecosystem services becoming political: how ecological processes shape
local resource-management networks. Front. Ecol. Evol. 9:125. doi: 10.3389/
fevo.2021.635988
Lautenbach, S., Mupepele, A. C., Dormann, C. F., Lee, H., Schmidt, S., Scholte,
S. S., et al. (2019). Blind spots in ecosystem services research and challenges
for implementation. Reg. Environ. Change 19, 2151–2172. doi: 10.1007/s10113-
018-1457-9
Lopes, R., and Videira, N. (2016). A collaborative approach for scoping ecosystem
services with stakeholders: the case of Arrábida natural park. Environ. Manage.
58, 323–342. doi: 10.1007/s00267-016-0711-5
López-Santiago, C. A., Oteros-Rozas, E., Martín-López, B., Plieninger, T., González
Martín, E., and González, J. A. (2014). Using visual stimuli to explore the
social perceptions of ecosystem services in cultural landscapes: the case of
transhumance in Mediterranean Spain. Ecol. Soc. 19:art27. doi: 10.5751/ES-
06401-190227
Luís, S., Lima, M. L., Roseta-Palma, C., Rodrigues, N., P. Sousa, L., Freitas, F.,
et al. (2018). Psychosocial drivers for change: understanding and promoting
stakeholder engagement in local adaptation to climate change in three
European Mediterranean case studies. J. Environ. Manage. 223, 165–174. doi:
10.1016/j.jenvman.2018.06.020
Malhi, Y., Franklin, J., Seddon, N., Solan, M., Turner, M. G., Field, C. B., et al.
(2020). Climate change and ecosystems: threats, opportunities and solutions.
Philos. Trans. R. Soc. B Biol. Sci. 375:20190104. doi: 10.1098/rstb.2019.0104
Frontiers in Ecology and Evolution | www.frontiersin.org 11 September 2021 | Volume 9 | Article 710293
fevo-09-710293 September 7, 2021 Time: 13:33 # 12
Vaz et al. Perceptions of Public Officers
Marshall, N. A., Thiault, L., Beeden, A., Beeden, R., Benham, C., Curnock, M. I.,
et al. (2019). Our environmental value orientations influence how we respond
to climate change. Front. Psychol. 10:938. doi: 10.3389/fpsyg.2019.00938
Mascarenhas, A., Ramos, T. B., Haase, D., and Santos, R. (2016). Participatory
selection of ecosystem services for spatial planning: insights from the Lisbon
Metropolitan Area, Portugal. Ecosyst. Serv. 18, 87–99. doi: 10.1016/j.ecoser.
2016.02.011
MEA (ed.) (2005). Ecosystems and Human Well-Being: Current State And Trends.
Washington, DC: Island Press.
Milcu, A. I., Hanspach, J., Abson, D., and Fischer, J. (2013). Cultural ecosystem
services: a literature review and prospects for future research. Ecol. Soc. 18:art44.
doi: 10.5751/ES-05790-180344
Mooney, H., Larigauderie, A., Cesario, M., Elmquist, T., Hoegh-Guldberg, O.,
Lavorel, S., et al. (2009). Biodiversity, climate change, and ecosystem services.
Curr. Opin. Environ. Sustain. 1, 46–54. doi: 10.1016/j.cosust.2009.07.006
Moser, S. C., and Ekstrom, J. A. (2010). A framework to diagnose barriers to climate
change adaptation. Proc. Natl. Acad. Sci. 107, 22026–22031. doi: 10.1073/pnas.
1007887107
Munang, R., Thiaw, I., Alverson, K., Mumba, M., Liu, J., and Rivington, M. (2013).
Climate change and ecosystem-based adaptation: a new pragmatic approach
to buffering climate change impacts. Curr. Opin. Environ. Sustain. 5, 67–71.
doi: 10.1016/j.cosust.2012.12.001
Oteros-Rozas, E., Martín-López, B., González, J. A., Plieninger, T., López, C. A.,
and Montes, C. (2014). Socio-cultural valuation of ecosystem services in a
transhumance social-ecological network. Reg. Environ. Change 14, 1269–1289.
doi: 10.1007/s10113-013-0571-y
Owen, A. L., Conover, E., Videras, J., and Wu, S. (2012). Heat waves, droughts, and
preferences for environmental policy: heat waves, droughts, and preferences for
environmental policy. J. Policy Anal. Manage. 31, 556–577. doi: 10.1002/pam.
21599
Parente, J., Amraoui, M., Menezes, I., and Pereira, M. G. (2019). Drought in
Portugal: current regime, comparison of indices and impacts on extreme
wildfires. Sci. Total Environ. 685, 150–173. doi: 10.1016/j.scitotenv.2019.05.298
Pausas, J. G., and Keeley, J. E. (2019). Wildfires as an ecosystem service. Front. Ecol.
Environ. 17:289–295. doi: 10.1002/fee.2044
Pereira, E., Queiroz, C., Pereira, H., and Vicente, L. (2005). Ecosystem services and
human well-being: a participatory study in a mountain community in Portugal.
Ecol. Soc. 10:14.
Reckien, D., Salvia, M., Heidrich, O., Church, J. M., Pietrapertosa, F., De Gregorio-
Hurtado, S., et al. (2018). How are cities planning to respond to climate change?
Assessment of local climate plans from 885 cities in the EU-28. J. Clean Prod.
191, 207–219. doi: 10.1016/j.jclepro.2018.03.220
Reed, M. S. (2008). Stakeholder participation for environmental management: a
literature review. Biol. Conserv. 141, 2417–2431. doi: 10.1016/j.biocon.2008.07.
014
Reed, M. S., Graves, A., Dandy, N., Posthumus, H., Hubacek, K., Morris, J., et al.
(2009). Who’s in and why? A typology of stakeholder analysis methods for
natural resource management. J. Environ. Manage. 90, 1933–1949. doi: 10.1016/
j.jenvman.2009.01.001
Rice, William L, Taff, B. Derrick, Peter, Newman, Zipp, Katherine Y., and Bing,
Pan (2020). Identifying recreational ecosystem service areas of concern in
Grand Canyon National Park: a participatory mapping approach. Appl. Geogr.
125:102353. doi: 10.1016/j.apgeog.2020.102353
Runting, R. K., Bryan, B. A., Dee, L. E., Maseyk, F. J. F., Mandle, L., Hamel, P., et al.
(2017). Incorporating climate change into ecosystem service assessments and
decisions: a review. Glob. Chang. Biol. 23, 28–41. doi: 10.1111/gcb.13457
Schröter, M., Bonn, A., Klotz, S., Seppelt, R., and Baessler, C. (2019). Atlas of
Ecosystem Services: Drivers, Risks, and Societal Responses. New York, NY:
Springer.
Sieber, R. (2006). Public participation geographic information systems: a literature
review and framework. Ann. Assoc. Am. Geogr. 96, 491–507. doi: 10.1111/j.
1467-8306.2006.00702.x
Sil, Â, Azevedo, J. C., Fernandes, P. M., Regos, A., Vaz, A. S., and Honrado, J. P.
(2019). (Wild)fire is not an ecosystem service. Front. Ecol. Environ. 17:429–430.
doi: 10.1002/fee.2106
Sousa, S. (2019). Local planning attitudes: comparative content analysis of
municipal director plans of shrinking Portuguese cities. Bull. Geogr. Soc. Econ.
Series 44, 81–91. doi: 10.2478/bog-2019-0017
Spyra, M., Kleemann, J., Cetin, N. I., Navarrete, C. J. V., Albert, C., Palacios-
Agundez, I., et al. (2019). The ecosystem services concept: a new Esperanto
to facilitate participatory planning processes? Landsc. Ecol. 34, 1715–1735. doi:
10.1007/s10980-018-0745-6
Sussman, A. L., Gardner, B., Adams, E. M., Salas, L., Kenow, K. P., Luukkonen,
D. R., et al. (2019). A comparative analysis of common methods to identify
waterbird hotspots.Methods Ecol. Evol. 10, 1454–1468. doi: 10.1111/2041-210X.
13209
Tedim, F., Remelgado, R., Borges, C., Carvalho, S., and Martins, J. (2013).
Exploring the occurrence of mega-fires in Portugal. For. Ecol. Manage. 294,
86–96. doi: 10.1016/j.foreco.2012.07.031
Vicente, J. R., Alagador, D., Guerra, C., Alonso, J. M., Kueffer, C., Vaz, A. S., et al.
(2016). Cost-effective monitoring of biological invasions under global change: a
model-based framework. J. Appl. Ecol. 53, 1317–1329. doi: 10.1111/1365-2664.
12631
Viegas, D. X. (2018). Wildfires in Portugal. Fire Res. 2:52. doi: 10.4081/fire.2018.52
Wartmann, F. M., and Purves, R. S. (2018). Investigating sense of place as a cultural
ecosystem service in different landscapes through the lens of language. Landsc.
Urban Plan. 175, 169–183. doi: 10.1016/j.landurbplan.2018.03.021
Watson, K. B., Galford, G. L., Sonter, L. J., Koh, I., and Ricketts, T. H.
(2019). Effects of human demand on conservation planning for biodiversity
and ecosystem services. Conserv. Biol. 33, 942–952. doi: 10.1111/cobi.1
3276
Weber, E. U. (2010). What shapes perceptions of climate change? Wiley Interdiscip.
Rev. Clim. Change 1, 332–342. doi: 10.1002/wcc.41
Wilson, E. (2006). Adapting to climate change at the local level: the spatial
planning response. Local Environ. 11, 609–625. doi: 10.1080/1354983060085
3635
Yohe, G. W., Lasco, R. D., Ahmad, Q. K., Arnell, N. W., Cohen, S. J., Hope, C., et al.
(2007). “Perspectives on climate change and sustainability,” in Climate Change
2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group
II to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change, eds M. L. Parry, O. F. Canziani, J. P. Palutikof, P. J. van der Linden, and
C. E. Hanson (Cambridge: Cambridge University Press), 811–841.
Zoderer, B. M., Tasser, E., Carver, S., and Tappeiner, U. (2019). Stakeholder
perspectives on ecosystem service supply and ecosystem service
demand bundles. Ecosyst. Serv. 37:100938. doi: 10.1016/j.ecoser.2019.10
0938
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
Copyright © 2021 Vaz, Graça, Carvalho-Santos, Pinto, Vicente, Honrado and Santos.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
Frontiers in Ecology and Evolution | www.frontiersin.org 12 September 2021 | Volume 9 | Article 710293
